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The degree of the secular equation is 6N, where N is the 
number of viscoelastic layers. Even for models with few layers, 
the degree becomes very high and the numerical root-finding 
loses stability. This can limit the practically solvable rheologies 
to coarse layerings.
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The Post-Widder inversion algorithm, in its discretized form, 
provides an approximate formula to evaluate the Laplace 
anti-transform of a function by sampling it on a finite number 
of points on the positive real axis
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The analytic solution of postseismic and postglacial rebound 
models with Maxwell viscoelastic rheology is usually done in 
the Laplace domain because the governing equations become 
formally identical to the elastic case and can be solved with 
standard linear propagation techniques.
However, when the solution has to be transformed back to 
the time domain, if the explicit anti-transform is performed 
with the residue theorem, the poles of the Laplace-domain 
solution must be found through the solution of the so-called 
secular equation: 
While this approach allows to completely bypass the solution 
of secular equation and therefore makes possible to 
implement extremely fine-layered stratifications, it introduces 
a sum of oscillating terms which need extremely high floating 
point precision to avoid loss of numerical precision. Generally, 
hardware floating-point turns out to be insufficient and 
high-level floating point representations are needed.
The algorithm parameters to be optimized are the order of 
the truncated sum M and the system precision D. Increasing 
M and D yields better stability but, at the same time, increases 
the CPU time.
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What is the impact of layering resolution on coseismic and postseismic deformation modeling?
http://www.ingv.it/
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A tradeoff exists between algorithm stability and performance. We find the 
optimal working parameters M and D (series truncation and floating point 
precision) by comparing the results obtained with PW algorithm with the 
reference analytical solution on a simple three-layer model. 
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Since numerical instabilities happen at the highest harmonic degrees, we test the 
harmonic sum convergence to ensure that we are able to compute all the 
needed terms.
Working point: M=8, D=40
Stable region
Degeneration point Convergence point
For all tested conditions we find a safe region between convergence and 
degeneration points where we can estabilish the working point.
References
We define Earth stratifications with variable 
number of layers and seek the minimum number of 
layers to fit the observables computed with the 
most layered model within 5%.
To each layer we assign elastic 
parameters computed as PREM 
volume-averages and Maxwell 
viscosity given by:
The postseismic response requires much more layers, 
because of detailed viscous layering near the source.
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We compute the coseismic and postseismic 
displacement field of the 2004 Sumatra earthquake 
using different stratification models. 
We adopted the multiple CMT source mechanism 
obtained by Tsai et al. (2005).
Coseismic response Postseismic response (t=10 yr)
P PREM stratification
A, A1 80 km lithosphere
200 km asthenosphere
uniform mantle
B, B1 Uniform homogeneous Earth
Elastic parameters of models A, B are computed as PREM volume averages.
A rigidity µ=3 x 1010 Pa s is used for the lithosphere of model A1 and for model B1.
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A Uniform layering
B Homogeneous lithosphere + layered mantle
C Layered lithosphere + layered mantle
For each model we compute deformation as a function of 
number of layers and source-observer distance. We plot 
the misfit with respect to the most layered model.
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